This paper deals with rotating cyclic symmetric structures, immersed in light fluid flow. Firstly, general and usual cyclic symmetric properties are recovered from the Floquet theorem for differential equations, having space periodic coefficients in conjunction with a discrete space Fourier series development. The approach for aeroelastic problem having cyclic symmetry is then formulated based on the twin mode approach. In addition to modal one, rotating and stationary wave bases are introduced to derive the equilibrium equations for a non-dissipative system subjected to aerodynamic loading. Rotating wave basis is the natural one, and it also permits consistently to prescribe the aerodynamic pressure on the boundary between the fluid and the structure. The aerodynamic load is then derived from a harmonic analysis of the fluid flow extending to turbomachinery as in the case of aeroplane wing. In this way, aerodynamic forces may be obtained as general as required, depending on successive time derivatives of degrees of freedom in addition to themselves. Finally, some special cases are given and stability is studied for a cyclic periodic blade assembly, even when mistuning between sectors can occur.
INTRODUCTION
Vibration mastery is an important issue for compressors and turbines of turbomachines. These structures in general have circumferential periodic symmetry. It is well known that the studies of vibration mode of cyclic symmetric structures can be reduced by analysing one repeated sector, see Balasubramanian et al. (1993) , Lalanne and linear problems is recovered by using the Floquet theorem. The principle of virtual work for the whole structure deals with the partial differential equations, having space periodic coefficients. Then, using Fourier series development of all the fields, the sector formulation for cyclic symmetric problems can be easily deduced from either continuous or discrete approaches, see Lalanne and Touratier (1996) . To analyse aeroelastic responses, many ways are possible, see for example Wagner and Griffin (1994) . Here, stationary and rotating wave bases are introduced in conjunction with the twin mode approach, Ewins (1988) , by taking into account aeroelastic forces from a harmonic analysis of the fluid flow. Generalized forces associated to aerodynamic loading are then expanded as functions of generalized co-ordinates and their successive time derivatives. Examples are given wherein generalized co-ordinates and their first time derivatives are kept, and some particular cases are studied based on a weak aeroelastic coupling. Finally, stability analysis is presented for an aeroelastic problem associated with a blade assembly wherein a small mistuning (see for example Wei and Pierre, 1988) between blades has occurred. The effect of mistuning on stability is analysed based on a perturbation technique.
BASIC FORMULATION OF CYCLIC SYMMETRIC PROBLEMS
Let f be a circumferentially periodic structure around the z-axis in cylindrical co-ordinates (r, 0, z) and 2s, one repeated sector allowing to generate ft by c-rotation around the z-axis. Typically, ft can be decomposed into N sectors fts. Let us consider small linearly varying displacements for the structure ft. The latter being circumferentially periodic, by applying the principle of virtual work it is clear that linear second-order partial differential equations are derived, with periodic coefficients. Thus, the Floquet theory is available, see Ince (1956) , Stocker (1992) to take into account of the cyclic periodicity. Let u(r, O,z, t) be then the three-dimensional displacement field in cylindrical co-ordinates, and the time. Recalling the closed condition associated to the circumferential periodicity as u(r, 0 + 27r, z, t) u(r, O, z, t), then the Floquet theory allows to write (Touratier, 1986) u(r, 0 + c, z, t) exp(jqc)u(r, O, z, t), j2=--1; q=0,1,...,N-1, where q is the Floquet wave number.
Since deduced motion equations are linear and second order, with periodic coefficients, it is convenient to search the u-unknown from a Fourier series development with respect to the circumferential 0-variable (Balasubramanian et al., 1993) : However, gyroscopic effects will be hereafter neglected. From those latter, coupling between fluid and structure will be prescribed. Aerodynamic loading (pressure on external surfaces of turbine) may be characterized from experimental, analytical or purely numerical ways. Wind tunnel is needed for experimentally achieving the bench tests on rotor or cascade to deduce pressure on it, while analytical computations using a cascade model (JacquetRichardet and Henry, 1994) give approximate expressions for the total (steady and unsteady) pressure acting on blades of a turbine. The most complete and accurate approach deals with the numerical computations of the fluid flow (Marshall and Imregun, 1996) Here, to model aeroelastic forces, a harmonic analysis of the fluid flow is made, prescribing at the fluid-structure, the boundary motion as in Poiron (1995) 
where the centred dot denotes the scalar product and the overdot denotes d/dt. In Eq. (7), is a positive integer, and from Eq. (3) n-0,..., +N.
Here, the excitation forcefwill be generated from the fluid flow for which no assumption is made, except the small disturbances. Denoting the external unitary normal on I' at the point P by m, the pressure p at the point P and time can be introduced and we havef--pm. Excitation forces in turbomachinery, generally come from flow distortions generated by blades and vanes and distortion ofinlet. They can be observed in rotatory co-ordinate system with respect to the cyclic symmetric structure. 
It can be shown (Wildheim, 1979; Lalanne, 1989) that resonance condition requires
for all positive integers k,n, taking into account the inequality n <_ N/2. Since the system considered is non-dissipative, the resonance condition is reached when excitation frequency becomes equal to any eigenfrequency, and the generalized forces in Eq. (10) then being non-zero. Let us suppose that the aeroelastic load is generated from the displacement u at the boundary and that now this load satisfies cyclic symmetric conditions. In the rotating wave basis, we can write Poiron, 1995; Crawley, 1988) . From an identification procedure between definition of the aerodynamic loading (see Eq. (7) for example) and the above introduced time harmonic analysis, the generalized forces in Eq. (10) can be written as u n .f(t) ds anX n +bnx n -at-cnx n +... Using Eq. (4), the aeroelastic problem (10)- (17) could be defined on the reference sector fo and in the rotating wave basis.
SPECIAL CASES associated to in-phase and quadrature terms in the harmonic motion. Indexes i,l are omitted before, and coefficients an, b, hn, b, are now real numbers.
Rigid Disk
In this case, u u) for all n and p, and for all point in the reference sector fo. From Eq. (4) H r, 00
Ui(r, 00, Z, t)exp(27rjns/N).
(18)
The linearity assumption, in addition to the rigid disk one, allows to obtain pressure on the reference sector during motion as the superimposition of presslres on each other sector. Thus, the harmonic From experiments and calculations, it is admitted that any blade is sensitive to the interactions produced from the motion of two adjacent blades on either side of the blade considered (Szechenyi, 1987 (24) Then, the system becomes stable as shown in Fig. 2 .
Physically, if we introduce some small lack of symmetry into the assembly, the twin modes no longer have the same frequency. It follows that the 
CONCLUDING REMARKS
Using the twin mode approach, the linearized approximation given for aeroelastic problems encountered in turbomachinery, having light fluid in which turbine is immersed, has allowed to recover resonance conditions and to derive stability conditions, when cyclic symmetric properties are satisfied.
From general conditions associated to cyclic symmetric structures with aeroelastic loading based on weak aeroelastic coupling, N independant stability problems defined in the reference sector f0 are deduced in rotating wave basis, according to the N values of the phase difference index associated to the N sectors of the structure considered.
A stability study is proposed when a small mistuning occurred between sectors of an aeroelastic cyclic symmetric structure. The solution is based on a perturbation technique. It has been established that an unstable, perfectly, periodic structure can become stable with a small mistuning between sectors of this structure.
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